1. Introduction {#sec0005}
===============

*Pythium insidiosum*, the etiologic agent of pythiosis, is a fungal-like organism in the kingdom Straminipila developing hypha-like elements in the infected host, with a strong tropism for arteries in otherwise healthy humans and lower animals [@bib0005]. In infected tissue, *P. insidiosum* triggers a typical Th2 inflammatory response with numerous eosinophils, mast cells, basophils, and giant cells, and induces the up-regulation of key Th2 cytokines such as IL-4, IL-5, and IL-10, and high levels of IgE [@bib0010]. Straminipila microbes lack ergosterol in their outer membranes (the target of most antifungal drugs), thus complicating the management of pythiosis in infected individuals. First Miller [@bib0015] and then Mendoza and Alfaro [@bib0020] independently reported that the mixture of proteins extracted from cultures of *P. insidiosum* (*P. insidiosum*-immunomodulatory vaccine; PiV) injected in horses with proven cutaneous pythiosis cured 55% of the immunized horses. These authors linked the curative properties of *P. insidiosum*'*s* extracts to a change from an eosinophilic granuloma to a lymphocytic mononuclear cell response, which they proposed was key in the killing of *P. insidiosum*'*s* hyphae in infected tissues \[[@bib0015], [@bib0020]\]. Since then, PiV immunogens have been successful in humans \[[@bib0025], [@bib0030], [@bib0035], [@bib0040]\], cattle [@bib0010], dogs \[[@bib0045], [@bib0050], [@bib0055]\] and horses \[[@bib0060], [@bib0065], [@bib0070]\] with pythiosis. It was later found in successfully treated mammals that in addition to the switching from an eosinophilic to a mononuclear cell response, a shift from a Th2 to a Th1 cytokine profile occurred [@bib0010]. Moreover, when this hypothesis was tested in the experimental rabbit model, a similar profile was found with the expression of lymphocytic NTPDase [@bib0075] and ecto-adenosine deaminase [@bib0080], also pointing to a Th2 down-regulation.

PiV immunomodulatory properties in humans and animals with pythiosis have been known for years \[[@bib0005], [@bib0010], [@bib0050], [@bib0060]\]. Nonetheless, its specificity recently came into question when vaccinated hosts displaying Th2 subsets in processes other than those triggered by *P. insidiosum*, also produced Th1 responses after challenges with multiple PiV injections (Richard Hansen, Bob Glass personal communication). This unpublished data suggested that cases of equine atopic dermatitis, canine allergic otitis, some cases of equine sarcoid, a case of a dog with mast cell tumors and a dairy cow with *Aspergillus fumigatus* mastitis, all originally displaying a strong Th2 response, converted to a Th1 response after several PiV injections, resulting in the resolution of their clinical symptoms. The results suggest that PiV proteins have the ability to modulate a Th2 to a Th1 response, in a manner that can affect immune responses against antigens from other infections unrelated to *P. insidiosum*.

The main challenge evaluating PiV immunotherapeutic properties has been the lack of an appropriate inbred mouse model in which to study PiV's immunomodulatory features \[[@bib0010], [@bib0065]\]. To test PiV´s Th2 to Th1 immunomodulatory capabilities, a *Leishmania* murine model [@bib0085] displaying a typical Th2 response in infected tissues was investigated. Our study showed that the Th2 response produced by BALB/c mice during *L. major* infection was replaced by a Th1 response in mice previously immunized with PiV. This Th2 to Th1 switch resulted in the reduction of cutaneous granulomas, and up-regulation of IFN-γ, a key Th1 cytokine. Data shows that *Leishmania* infected BALB/c mice are an attractive model for studying the immunomodulatory mechanisms triggered by PiV proteins.

2. Materials and methods {#sec0010}
========================

2.1. Leishmania major and murine strains {#sec0015}
----------------------------------------

Adult female BALB/c mice (4--6 weeks) were purchased from Centro de Bioterismo of "Instituto de Ciências Biológicas − Federal University of Minas Gerais (UFMG-Belo Horizonte, MG, Brazil)", and maintained following standard laboratory animal regulations. The strain of *Leishmania major* (WHO MHOM/IL/80/Friedlin) was provided by Dr. Leda Quércia Vieira at the Biochemistry and Immunology Department (ICB/UFMG, Belo Horizonte, Brazil). Promastigotes of *L. major* were cultivated in Grace's Insect Medium (Gibco®, Grand Island, NY, USA) supplemented with 20% heat-inactivated fetal bovine serum (Cultilab, Campinas, SP, Brazil). The promastigotes were harvested from culture medium after 6 days of incubation at 23 °C and then rinsed twice with PBS. The infective dose was standardized to 1 × 10^7^ promastigotes/100 μL/mouse, and each mouse was infected following the protocol published by Mayrink et al. [@bib0090].

2.2. Pythium insidiosum immunomodulatory vaccine (PiV) preparation {#sec0020}
------------------------------------------------------------------

PiV was prepared as per Mendoza et al., 1992. *P. insidiosum* (ATCC 58643) was cultured at 37 °C in 2% Sabouraud dextrose broth for 5 days under shaking conditions (150 rpm). The cell mass was separated by filtration and then ground in the presence of liquid nitrogen. The resulting powder was mixed with the above broth medium after the broth had been filtered. A total protein mix was precipitated with 2.0 L of acetone and the precipitated proteins were centrifuged at 5,000 x g for 15 min. The pellet containing proteins was re-suspended in 100 ml of a sterile 154 mM NaCl solution and centrifuged at 5,000 x g for 15 min to remove remaining insoluble proteins from the liquid phase. The supernatant containing soluble *P. insidiosum* proteins, was then dialyzed (Cut-off 10,000 MW; Spectrum, Rancho Dominguez, CA. USA) against sterile phosphate buffered saline (PBS). PiV total protein quantity was determined by using the *2D Quanti Kit*® (GE-Healthcare, USA), following the manufacturer's instructions. Aliquots of the soluble proteins were sterilized by Gamma radiation (5000 Gray for 2 h) and stored at −80 °C.

2.3. Polyacrylamyde Gel Electrophoresis (SDS-PAGE) {#sec0025}
--------------------------------------------------

To verify the presence of soluble *P. insidiosum* proteins (PiV) previously described by Mendoza et al., \[[@bib0050], [@bib0070]\], fifty micrograms of the above extracted proteins were run in 10% polyacrylamide gel electrophoresis under reducing conditions, according to Laemmli [@bib0095] and then stained using silver nitrate following methods published by Wray et al. [@bib0100].

2.4. Leishmania infection protocol, mouse immunization with PiV and control groups {#sec0030}
----------------------------------------------------------------------------------

BALB/c female mice (n = 10) were subcutaneously immunized using 100 μl of the PiV (20 mg/ml) each week (7-day intervals) for three weeks. On day 28, each mouse was injected in the right foot pad with 1 × 10^7^ *L. major* promastigotes. Challenged animals were evaluated weekly for the following 12 weeks. Controls included *L. major* challenged (1 × 10^7^/mouse promastigotes) (n = 10) and non-immunized, non-challenged mice (n = 10). Data was collected using a calibrate ruler (Digimess- Brazil) to measure the development of edema, indurations, and site thickness of the infected paws. The size of the granulomas was calculated using the difference in millimeters between the infected and the uninfected paws.

2.5. CD3, CD4 and CD8 Flow Cytometry analysis and cytokine expression in spleen cell cultures {#sec0035}
---------------------------------------------------------------------------------------------

Intracellular cytokine detection was carried out according to Oliveira et al. [@bib0105]. Briefly, after 6 h of culture, Brefeldin A (1 mg/mL) was added, after which the cells were harvested and rinsed with PBS. Cells were stained with anti-CD3-Alexa Fluor 488A and PerCP-Cy5-5A labeled anti-CD4 or APC-A labeled anti-CD8 monoclonal antibodies [@bib0110] (Becton-Dickson, USA). Cells were then fixed with 2% paraformaldehyde and washed again. Aliquots of 1 × 10^6^ permeabilized cells (50 μL) were incubated with either PeCy7-labeled anti-mouse interferon-γ (IFN-γ) or phycoerythrin-labeled anti-IL-10 monoclonal antibodies (Becton-Dickinson, San Jose, CA, USA). Finally, the cells were rinsed and immediately analyzed by flow cytometry (LSR Fortessa™, Becton-Dickinson Biosciences, USA). Cell phenotype analysis was performed using Flow-Jo software, version 9.5.1 Tree Star.

Seven days after completion of the immunization schedule, spleens of immunized and challenged mice as well as those from the control animals were collected for an *in vitro* cytokine assay as per Oliveira et al., 2000 [@bib0105]. Briefly, cell suspension from a pool of 10 spleens per group from BALB/C mice were obtained and cultured at 5 × 10^6^/mL in the presence of PiV (30 μg/well) or without PiV (control). The non-specific stimulation effect of Concanavalin A (ConA) (10 μg/well) for 72 h was used as a positive control. Supernatant was collected and evaluated for cytokine expression. *In vitro* expression of the cytokines was assayed by ELISA according to the manufacturer's instructions (R& D Systems, MN, USA).

2.6. Anti-P. insidiosum IgG ELISA {#sec0040}
---------------------------------

Blood samples for the detection of anti-*P. insidiosum* IgG were also collected from the orbital venous plexus with a Pasteur pipette in the immunized (n = 10) and the control (n = 10) groups. Serum was separated and stored at −20 °C. Presence of anti-*P. insidiosum* IgG1 was determined in serum samples collected seven days after completion of the three PiV immunizations using an "in house" standardized ELISA protocol. Briefly, microtiter plates (Corning − NY − USA) were coated with 2 μg/well of PiV followed by overnight incubation in 0.05 M carbonate buffer (pH9.6) at 4 °C, and plates were rinsed. Sera from mice in each group was pooled, and then serial dilutions were prepared (from 1:2 to 1:640) in PBS/0.05% Tween 20/0.1% bovine serum albumin (BSA). 100 μl of diluted serum was added to individual wells, incubated for 1 h at room temperature, and then washed. One hundred microliters of peroxidase-conjugated goat anti-mouse IgG1 (1:5,000) (Sigma Aldrich, USA) was added for 1 h at room temperature and then washed. Peroxidase activity was assayed by adding 150 μL of o-phenylenediamine dihydrochloride (OPD) solution (34 mg OPD and 20 μL of hydrogen peroxidase to 100 mL citrate/phosphate buffer pH 5.0). Color development was stopped by the addition 50 μL of 2 N H~2~SO~4~. Optical density was measured at 492 nm with an ELISA reader (Spectramax-Plus 384, Molecular Devices, USA).

2.7. Statistical analysis {#sec0045}
-------------------------

Student's t-Test and a multiple-comparisons Student-Newman-Keuls (SNK) test were used to analyze data from the measurements of foot-pad granulomas, using STATA software. For cytokine evaluation in cell culture supernatant, One Way ANOVA was used followed by Student's t-Test, using Prism software. "p" values lower than 0.05 were considered significant.

2.8. Ethics {#sec0050}
-----------

The protocols involving animals, including euthanasia, were approved by the Ethics Committee on Animal Experimentation at the Federal University of Minas Gerais (CETEA/UFMG) under Protocol Number 313/2014.

3. Results {#sec0055}
==========

3.1. Polyacrylamide gel electrophoresis (SDS-PAGE) {#sec0060}
--------------------------------------------------

To visualize the presence of PiV soluble proteins, SDS-PAGE analysis and silver staining was performed. [Fig. 1](#fig0005){ref-type="fig"} shows that the soluble protein extract contains a mixture of high, medium and low molecular weight proteins, each displaying qualitative and quantitative differences, with a greater number of proteins in the range of 45 to 97 kDa.Fig. 1SDS-PAGE electrophoresis of the PIV soluble proteins. The PiV soluble proteins are shown on 10% SDS-PAGE followed by silver nitrate staining. The numbers indicate the molecular weight in kilo-Daltons (kDa).Fig. 1

3.2. Leishmania major infection {#sec0065}
-------------------------------

BALB/c control mice challenged with 1 × 10^7^ infective *L. major* promastigotes showed the development of large granulomas consisting of necrotic tissue (dark spots) ([Fig. 2](#fig0010){ref-type="fig"} A). Numerous *L. major* promastigotes were present in the affected tissue. These control animals were sacrificed on Day 20 due to their granuloma sizes. Granulomas were eight-fold smaller or absent ([Fig. 2](#fig0010){ref-type="fig"} B) in PiV immunized mice. The chart in [Fig. 2](#fig0010){ref-type="fig"} panel C shows the difference in granuloma size in both PiV and control-challenged mice at different times. Interestingly, a dramatic decrease in granuloma size was observed in mice previously immunized with PiV, challenged with *L. major* and then re-immunized at least three times after Day 20 (data not shown).Fig. 2Mice in the control group challenged with *L. major* and/or PiV immunogens. Panel A depicts a mouse from the control group inoculated with *L. majo*r displaying granulomatous lesions (arrows) 20 days after challenge. Panel B shows PiV immunized mice previously challenged with *L. major*. Note the presence of necrotic tissue (dark areas) and the edema of the infected pads (Panel A) whereas panel B shows the absence of necrotic tissue and mild edema in PiV-immunized mice. The figures in the lower section of Panels A and B show a close-up of the infected areas. Granuloma size measurements of BALB/c mice in the control group (● = same as [Fig. 1](#fig0005){ref-type="fig"}, panel A) and PiV-immunized mice and then challenged with *L. major* promastigotes (■ = same as [Fig. 1](#fig0005){ref-type="fig"} panel B) is shown in Panel C. Note the difference in granuloma size between the control group and PiV-immunized mice and then challenged with *L. major* on days 20 and 30. After day 30 PiV immunized mice slowly increased the size of their granulomas.Fig. 2

3.3. Flow cytometry and cytokine analysis from spleen cell culture {#sec0070}
------------------------------------------------------------------

[Table 1](#tbl0005){ref-type="table"} displays the percentage of CD4^+^ and CD8^+^ cells expressing IL-10 or IFN-γ. Flow cytometry analysis shows that both helper T cells and cytotoxic lymphocytes were activated in response to PiV ([Table 1](#tbl0005){ref-type="table"}). IL-10 was expressed by T helper lymphocytes (Th) but the majority of IFN-γ was expressed in CD8^+^ cytotoxic lymphocytes (Figs. [3](#fig0015){ref-type="fig"}, [4](#fig0020){ref-type="fig"}).Fig. 3Flow Cytometry analysis of data from PIV-immunized mice previously challenged with *Leishmania major*. The figure shows data analyzed by FlowJo software from the splenocyte pool of 10 previously PiV-immunized mice challenged with *L. major*. Panel A shows the lymphocyte population depicting the lymphocytic region of the mouse spleen cells (square window). Panel B depicts the acquisition window in the region of CD3+ cells. The distribution of two acquisition windows characterizing the CD4+ and CD8+ lymphocytic populations is shown in Panel C. Panel D shows the acquisition window for CD8+ cells expressing intracellular IFN-γ (Panel D).Fig. 3Fig. 4ELISA analysis of cytokines from the control group and the PiV- and *Leishmania major*-challenged mice. This figure shows that the control group, challenged only with *L. major*, exhibited significant differences in cytokine production compared with mice challenged with both PiV and *L. major*. The expression of IFN-γ (ELISA) in the supernatant of mouse splenic cells after 72 h of stimulation with PiV (OD 3.3 = 660 pg/ml) or Concanavalin A (ConA) (OD 0.4 = 111 pg/ml) is shown in Panel A. The graph in panel A displays contrasting differences with the control group challenged with *L. major* only (undetectable levels, below sensitivity of the test). Panel B depicts expression of IL-2 (ELISA) in the supernatant of mouse splenic cells stimulated with PiV (OD 0.39 = 150 pg/ml) or with ConA (OD 2.7 = 1000 pg/ml) after 72 h of stimulation. This panel also shows significant differences with the control group challenged only with *L. major* (OD 0.09 = 15 pg/ml). Panel C shows the expression of IL-10 in ELISA of splenocytes in PiV-immunized, *L. major* challenged BALB/c mice after 72 h of stimulation with PiV (OD 0.79 = 450 pg/ml) or ConA (OD 0.10 = 50 pg/ml). IL-10 detection in non-immunized mice was low (OD 0.03 = 15 pg/ml).Fig. 4Table 1Flow Cytometer analysis showing the percentage of mice splenic cells CD4^+^, CD8^+^ expressing IFN-γ or IL-10 in control group (non-immunized, non-infected) and immunized (PiV only).Table 1Mice groupCDC4^+^ PhenotypeCDC8^+^ PhenotypeIFN-γIL-10IFN-γIL-10Control0.050.20.0460.0PiV1.440.656.670.0

Measured by ELISA, there was a strong expression of IFN-γ by splenocytes from mice immunized with PiV compared to that seen in splenocytes from control mice (challenged with *L. major* only) treated with the non-specific mitogen ConA (p \<0.0001) ([Fig. 4](#fig0020){ref-type="fig"}A). The mean concentration of IFN-γ in PiV stimulated cells (from PiV immunized mice) was 660 pg/ml (OD = 3.3), whereas the mean concentration of cytokine produced by control cells (from unimmunized mice) stimulated with ConA was 111 pg/ml (OD = 0.4). The concentration of IFN-γ in supernatants of cells from non-immunized control mice (challenged with *L. major* only) was below the sensitivity threshold of the R & D Systems kit (San Jose, CA, USA) used in this study. IL-2 ([Fig. 4](#fig0020){ref-type="fig"}B) was expressed at significant levels by the splenic cells from immunized mice after *in vitro* stimulation with PiV (p \< 0.005) (150 pg/ml; OD = 0.39) ([Fig. 4](#fig0020){ref-type="fig"}B). In contrast, ConA triggered higher levels of IL-2 (1000 pg/ml; OD = 2.7), but these mouse spleen cells did not trigger significant levels of IFN-γ as per [Fig. 4](#fig0020){ref-type="fig"}A. The average concentration of IL-2 expressed by cell supernatant in non-immunized animals (controls challenged with *L. major* only) was 15 pg/ml (OD = 0.09) ([Fig. 4](#fig0020){ref-type="fig"}B). The expression of IL-10 in spleen cells from PiV mice immunized and then challenged with *L. major* is shown in [Fig. 4](#fig0020){ref-type="fig"}C. IL-10 levels were significantly higher in PiV immunized mice (450 pg/ml; OD = 0.79) than non-immunized mice (15 pg/ml; OD = 0.03) (p \< 0.005). The average concentration of IL-10 expressed by ConA nonspecific stimulation was 50 pg/ml (OD = 0.10).

3.4. Anti-P. insidiosum IgG ELISA {#sec0075}
---------------------------------

High optical density values were recorded at 1:10 to 1:80 dilutions in the pooled sera of immunized mice tested several times. The anti-*P. insidiosum* IgG1 levels in the sera of immunized and non-immunized mice are shown in [Fig. 5](#fig0025){ref-type="fig"}. A contrasting difference was found between the levels of anti-*P. insidiosum* IgG1 in mice immunized with PiV and then challenged with *L. major* than those in non-immunized control group (p \< 0.05).Fig. 5ELISA detection of anti-*P. insidiosum* IgG1 in challenged mice. The figure depicts the anti-*P. insidiosum* IgG1 levels in sera collected seven days after the end of the immunization protocol in mice PiV immunized and then challenged with the *L. major* (●) and mice in the control group challenged only with *L. major* (■). As expected, anti-*P. insidiosum* IgG1 was found only in PiV immunized mice.Fig. 5

4. Discussion {#sec0080}
=============

Previous data support claims that PiV proteins have the ability to modulate the Th2 response in cases of pythiosis to a Th1 response after successful immunotherapy \[[@bib0010], [@bib0015], [@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0065], [@bib0115]\]. Using the mouse *Leishmania* model, we demonstrated that the Th2 response in place during experimental *L. major* mice experimental infection of BALB/c mice, switched to a polarized Th1 response. The *ex vivo* detection of CD4^+^ and CD8^+^ splenic cells expressing IL2 and IFN-γ from immunized mice strongly supports this hypothesis. Of interest was the flow cytometry finding that PiV immunized mice activated both T helper cells and cytotoxic lymphocytes in response to *in vitro* stimulation with PiV antigens. Furthermore, the majority of the labeled IFN-γ was expressed by CD8^+^ cytotoxic lymphocytes, but not by the CD4^+^ Th lymphocytic subset as shown in [Fig. 3](#fig0015){ref-type="fig"}D. This new finding suggests that in mammalian hosts treated by PiV immunotherapy, cytotoxic lymphocytes may play an important role in the downregulation of the Th2 response and the killing of *P. insidiosum* hyphae. IL-2 was another cytokine expressed *in vitro* in the supernatant of splenic cell cultures from mice immunized with PiV (p \< 0.005) ([Fig. 4](#fig0020){ref-type="fig"}B). Although ConA triggered higher levels of IL-2 (1000 pg/ml) than those induced by PiV antigens (150 pg/ml), ConA did not trigger significant levels of IFN-γ as shown in [Fig. 4](#fig0020){ref-type="fig"}A, indicating that the PiV immunogens indeed play a key role in stimulating the expression of IFN-γ, which facilitates Th1 polarization. High levels of IFN-γ, low levels of IL-2 and the expression of IL-10 during *in vitro* stimulation of splenic cells in PiV-challenged mice suggests a switch from Th2 (BALB/c response to *Leishmania*) to Th1 (PiV-induced response to *Leishmania*).

Mendoza et al., 1992 [@bib0070] found that the inclusion of several immunodominant proteins of *P. insidiosum*, including the 28, 30/32 kDa molecular weight, increased the efficacy of management of acute and chronic cases of horse pythiosis. The PiV protein profile in SDS-PAGE used in this study included these antigenic proteins. Our data also showed that the mixture of these *P. insidiosum* proteins seems to trigger a Th1 cytokine profile in successfully PiV-immunized mice challenged with *L. major*. The *Leishmania* mouse model confirmed previous reports \[[@bib0010], [@bib0020], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0070], [@bib0075], [@bib0080], [@bib0115], [@bib0120], [@bib0125]\] indicating that the mixture of *P. insidiosum* proteins was sufficient to stimulate an immunomodulatory response in the immunized mice challenged with *L. major*.

Although there are no previous data on the humoral response in murine models immunized with the PiV, it is well known that humans and animals with pythiosis develop high titers of anti-*P. insidosum* IgG \[[@bib0005], [@bib0010], [@bib0020], [@bib0125]\]. Snapper et al., 1988 [@bib0130] reported that the detection of high IgG1 titers correlated to the presence of a solid Th2 response. Interestingly, in our study the presence of low Th2 profile consistently correlated with low IgG1 titers in PiV-immunized *Leishmania* mice (maximum titer of 320). This finding suggests that a decrease in IL-10 levels could be related to the polarization to a Th1 subset, and thus the low IgG1 titers detected in this study furthers supports the notion of switching to a Th1 response.

The finding in this study of a Th1 polarization in PiV immunized mice is in agreement with the expression of key cytokines reported in clinical cases of pythiosis treated with PiV \[[@bib0005], [@bib0010], [@bib0040]\]. These data are also supported by recent studies in experimentally infected rabbits with *P. insidiosum* \[[@bib0060], [@bib0075], [@bib0080], [@bib0120]\]. The latter studies showed that during rabbit experimental pythiosis an increase in E-NTPDase (an enzyme that is present in lymphocytes and is involved in the immune response) and the decrease in ATP or ADP in sera could be involved in the binding of P2Y receptors expressed on the surface of lymphocytes, which in turn could activate a Th2 response [@bib0075]. The ecto-adenosine deaminase (E-ADA) present in low concentration in a typical Th2 inflammation increased after immunotherapy, substantiating the hypothesis that during immunotherapy a switching from Th2 to Th1 subset occurs in successfully treated hosts [@bib0080]. Our study strongly supports the data indicating that *P. insidiosum* proteins have the ability to modulate the host T helper response independently of the antigenic stimulus triggering such a response. Our study suggests that the immunological mechanisms by which the PiV modulates the immune response in mammalian hosts with allergies and those with infectious (other than pythiosis) and non-infectious diseases could be investigated using this mouse model.

Immunotherapy with microbial antigens to treat infectious and non-infectious diseases is not a new idea. In fact, Busch in 1868 [@bib0135], Fehleisen in 1882 [@bib0140] and Coley in 1893 [@bib0145] used this approach in the management of sarcoma patients. Robert Koch in 1890 [@bib0150] in Germany also reported some success using this approach in patients with tuberculosis. The first two authors \[[@bib0135], [@bib0140]\] noticed tumor regression after erysipelas infections due to *Streptococcus pyogenes*, whereas Coley [@bib0145] prepared extracts of *S. pyogenes* and vaccinated sarcoma patients. The main problem in the early accounts was the strong patient adverse reaction, including high fever and chills in *S. pyogenes*-challenged patients [@bib0155]. Conversely, Robert Koch [@bib0160] reported that several of the treated patients strongly reacted to *Mycobacterium* antigens resulting in the death of some of the treated patients. Soon after these adverse events, the idea of using microbial antigens for immunotherapy was virtually abandoned [@bib0165].

A recent review on the use of immunotherapy to treat infectious and non-infectious diseases highlights the fascinating capabilities that some microbial proteins possess to modulate the immune response \[[@bib0170], [@bib0175], [@bib0180]\]. However, few immunotherapeutic proteins of microbial origin are presently being considered for immunotherapy; one of them is PiV, while the rest represent antigenic epitopes harvested from cancer patients \[[@bib0165], [@bib0185]\]. So far, PiV antigenic preparation has shown minimal or no side effects in experimental animals (1,2,10,13, this study), and in cured humans and animals with pythiosis \[[@bib0015], [@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0065], [@bib0070], [@bib0115]\]. Based on these results, we anticipate further interest in PiV immunomodulatory capabilities applied to other infectious and non-infectious processes that otherwise involve a non-curative Th2 response.
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